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) 
Bacterium  granulosis,  n.  sp.,  was  recently  shown  by Noguchi  ~ to 
be the cause of trachoma among the Amerinds of New Mexico.  By 
inoculating special culture media with material obtained from tracho- 
matous conjunctivae he isolated a  hitherto  unknown bacillus, which 
when inoculated into the conjuncfiva of monkeys produced pathologic 
changes  analogous  to  trachoma  in  humans.  The  disease  could  be 
transferred from monkey to monkey and the  bacillus could be recov- 
ered from the lesions.  Lindner, ~  however, who subsequently examined 
Noguchi's  monkeys  believed  that  the conjunctival lesions were not 
typical of trachoma but were merely the result of a follicular conjunc- 
tivitis  (blndehautfollikulose). 
The  prevalence  of  trachoma  among  the  natives  of  North  China 
furnished  an  unusual  opportunity  for  further  experimental  studies. 
Attempts  were  made  to  confirm  Noguchi's  work  by  recovering  B. 
granulosis  from  several  typical  cases,  and  to  reproduce  the  disease 
in monkeys. 
Cases Investigated.--Five  typical cases were selected for study.  A 
brief clinical description of the cases used follows. 
Case/.--Papillary  and follicular (mixed) trachoma  of both eyes of about 1 
year's duration in a student,  aged 20.  The bulbar conjunctiva was injected only 
in the periphery, the left cornea was dear, the right one showed a beginning parmus. 
Material for study was obtained from the right eye.  Stained smears of the scraped 
off epithelium from the upper fomix of the right eye revealed Prowazek-Halber- 
st~dter inclusion bodies, some "cap" forms and some large ones. 
Case 2.--Papillary trachoma of the lower and upper lids with many follicles in 
the upper fornix conjunctiva In a male, 20 years old.  Duration  1 year.  The 
1 Noguchi, H., J..Exp. Med., 1928, 489 supplement 2, 1. 
2  Lindner, K., Arch. Ophth., Leipsic, 1929, 122, 391. 
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bulbar conjunctiva was pale, the right cornea normal, the left cornea showed an 
old trachomatous paunus which occupied a fourth of the corneal surface.  Suspen- 
sions of excised tissue from the left eye, with the more severe conjunctival changes 
and the greater number of follicles were used for study.  A few inclusion bodies 
were found. 
Case 3.--Severe papillary trachoma of both  eyes with follicles in  the upper 
fornix and a  few scars in the tarsal conjunctiva of several years' duration in a 
soldier, 25 years old.  The right eye showed a  trachomatous ptosis and a  fresh 
paunus 3 mm. wide extending from above with infiltration.  The left cornea was 
normal excepting a few phlyctenular scars in the llmbus.  Material obtained from 
the right eye was used in the experiment.  No inclusion bodies were found in a 
single scraping from the epithelium of the upper lid. 
Case  4.--Very severe follicular and cicatricial trachoma with slight papillary 
hypertrophy near the upper end of the tarsal cartilage in a  man aged 40.  The 
trachoma was at least 5 years old.  Both eyeballs were inflamed and the cornea 
showed  a  total pannus with  slight keratectasia.  Material from  the  right  eye 
which contained the most follicles, was used for the experiment.  Five typical 
inclusion bodies were found in scrapings from the upper fornix. 
Case f--Mixed trachoma of both eyes with mucous discharge of 1 year's duration 
in a male aged 24.  Very large follicles were present in the upper fornices, while 
the  upper  tarsal conjunctiva was  merely  thickened by papillary hypertrophy. 
The bulbar conjunctivae were moderately injected in the periphery.  Both corneas 
showed beginning paunus.  The more inflamed eye (left) was used for study.  A 
few small and large inclusion bodies were found in the stained scrapings from the 
left upper fornix. 
Methods 
The material used for  the inoculation of the media was  expressed from  the 
follicles with sterile rolling forceps, and spread directly  over the surface of freshly 
prepared plate media.  Other plates were inoculated with a  mixture of the ex- 
pressed material and  a  suspension in  normal saline solution of epithelial cells 
scraped from the upper palpebral and fornix conjunctiva or with suspensions of 
excised tissue.  From all cases, therefore, the follicle contents and epithelial cells 
were plat,ed together.  The plute media consisted of Huntoon's hormone broth 
agar containing 1 per cent dextrose and 20 per cent defibrinated horse blood.  1 
The inoculated plates were sealed with adhesive tape and placed in tall glass jars 
containing a little water to prevent drying of the medium. 
10  to 20 plates were prepared from the material derived from each patient. 
The plates were kept at room temperature  (20-28°C.)  for 9  or 10  days before 
examination. 
At the same time other portions of the same material in dilutions in normal 
saline solution varying from 1 : 1 to 1 : 1000 were inoculated in tall tubes of semi- 
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tubeswere inoculatedwithmaterial from each patient.  The tubes were kept inthe 
dark, at room temperature for about 2 weeks.  At that time transfers were made 
from the tubes showing growth to other blood agar plates.  Many of the tubes 
remained sterile. 
Results 
A flora similar to that found by Noguchi grew on the plates, namely 
staphylococci, xerosis bacilli, sarcinoids and pneumococci.  In addi- 
tion an unusual minute Gram-negative bacillus was isolated from the 
blood agar plates from 3 of the 5 cases.  This organism was apparently 
identical with the non-pathogenic Gram-negative bacillus described 
by Noguchi.  In one case they were very numerous, but in the other 
2  only a  few colonies appeared  here  and there among hundreds  of 
colonies of other bacteria. 
From  the  plates  inoculated with the  culture  from the  leptospira 
medium tubes the same chromogenic Gram-negative bacilli were occa- 
sionally recovered.  Otherwise the usual organisms mentioned above 
were found.  During the investigation both the tubes and the plates 
were occasionally overgrown with rapidly growing yeasts and fungi. 
Isolation  of  B.  granulosis.--A  bacillus  corresponding  in  many 
respects to B. granulosis was recovered from only 1 patient (Case 5). 
Only 1 colony of these bacilli was found on 1 of the 12 blood agar plates inocu- 
lated with a mixture of follicle  contents and scraped off epithelial cells.  The rest 
of  the  colonies including several of those of  the  chromogenic Gram-negative 
bacillus consisted of the variety usually encountered.  The characteristics of the 
new Gram-negative  bacillus corresponded closely  with the morphologic  description 
of B. granulosis.  It was non-chromogenic, and produced characteristic viscid, 
grayish, translucent colonies on blood agar in 48  hours at room temperature. 
Growth at 37°C. was retarded and scanty.  No growth at all occurred on plain 
agar or in broth at any temperature.  Experiments  to determine motility were 
unsatisfactory.  Growthin leptospira medium,  however,  was poor and occasionally 
no growth at all occurred at either 28 or 37°C.  Bacilli  of this variety were never 
encountered on the platings made from the leptospira medium tubes inoculated 
with trachomatous material. 
Experiments on Monkeys 
Method of Inoculation.--The left eye was used in each instance, the 
right serving as a control.  The upper fornix conjunctiva of 5 monkeys 
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and adrenalin was applied three times to the doubly everted upper lid. 
After a short time 0.1 to 0.3 cc. of a heavy suspension of a 4 day growth 
of B. granulosis in  normal saline  solution  was inoculated  very'super  - 
ficially into  the  conjunctival  tissue near the canthus  externus.  Half 
of the amount was injected from the temporal to the nasal ends along 
the whole upper fornix.  All of the remainder was injected in a  small 
area near the outer canthus so that this region was unusually heavily 
infected.  The fornix conjunctiva as well as the upper tarsal conjunc- 
tiva was repeatedly scratched and punctured with the charged needle. 
Two of the monkeys, Nos. 8 and 9, were inoculated three times, two, 
Nos.  1  and  11,  were inoculated  twice and one received only a  single 
injection.  All reinoculations  were made in areas previously injected. 
Results 
Monkeys 8 and 9.--Inoculated three times, May 21,  May 29, June 10,  1929. 
8  days after  the  first inoculation  there  was  a  slight  hyperemia and moderate 
swelling  of the left upper fornix not  exceeding  the  degree of reaction expected 
from the mechanical trauma.  The adjoining conjuncfiva of the upper tarsus and 
of the lower lid and lower fornix conjunctiva and the eyeball conjunctiva were pale 
and normal.  No follicles were visible.  After 19 days (June 10),at the time of the 
third inoculation, Monkey 9 showed a marked swellingof the upper fornix a ndthe 
upper tarsal conjunctiva.  Two follicles, one large, one small, and oblong in shape 
appeared in the nasal half of the upper fomix.  There was no papillary hyper- 
trophy, or thickening of the tarsal conjunctiva. 
Monkey 8, 19 days after the first inoculation, developed 3 follicles in the slightly 
swollen upper fornix, a large one and a smaller one in the inner half and a large one 
in the outer half.  The lid conjunctiva and the conjunctiva in the right eye were 
normal. 
On August 17, 76 days after the first inoculation, the left fornices of both mon- 
keys were somewhat swollen.  A  regressive follicle  was present near the  inner 
angle in Monkey 9.  The remainder of the conjunctiva was normal.  The struc- 
ture of the meibomian glands and of the conjunctival blood vessels was normally 
visible.  No traces of scarring or papillary hypertrophy were present. 
On September 19, after 118 days, the left upper fornix of Monkey 9 was still 
swollen and reddened, but the tarsal conjunctiva was normal.  Monkey 8 showed 
slight swelling  of the left upper lid.  The conjunctiva of the upper fornix was 
somewhat bluish  without  any  follicles.  There were,  however,  3  wavy,  white, 
scar-like lines in theupper tarsus.  The tarsal conjunctiva and'the conjunctiva 
of the lower lid were normal. 
On November 22, 181 days later, Monkey 9 still showed slight hyperemia of the 
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of the right eye.  The cartilage was curved inward slightly.  Curiously, the tarsal 
conjunctiva appeared to be normal and the long white stripes of the meibomian 
glamts were plainly visible through it.  There was still redness of the upper fornix 
in Monkey 8. 
On December 28, 217 days after the first inoculation, the first definite and sig- 
nificant changes were observed.  Although the upper fornix conjunctiva of Monkey 
9 was still somewhat red and swollen,  but with follicles,  the upper  tarsal cartilage 
was definitely curved inwards as if shrunken.  Its horizontal diameter was 1 mm., 
and the vertical  diameter  0.75  mm.  shorter  than  those of the  right  eye.  The 
adjacent  conjunctiva  was  slightly  injected  but  showed  no  trace  of  papillary 
hypertrophy or of scaling.  The right eye was normal. 
The 3 white lines observed in Monkey 9 in September gradually faded until only 
one was visible.  The conjunctiva was normal. 
Monkeys I and//.--Inoculated twice at an interval of 11 days.  At the time of 
reinoculation, only Monkey 11 showed slight swelling,  and hyperemia of the upper 
fornix conjunctiva with 1 small follicle  near the external canthus. 
Upon examination 68 days later there was a  mild bilateral  angular blepharo- 
conjunctivitis in Monkey 1.  The traumatic irritation observed previously in the 
left upper fomix had disappeared.  In Monkey 11 the left upper fornix was redder 
than the right one, and the follicle had disappeared.  The rest of the conjunctiva 
was pale and normal. 
110 days after inoculation the left eye of Monkey 1 showed an angular blephari- 
tis, the left upper fornix was still somewhat swollen but the tarsal conjunctiva was 
normal.  The left  upper fornix of Monkey  11  was swollen and  hyperemic but 
devoid of follicles.  Here again, in the otherwise pale conjunctiva of the upper lid, 
was a curved white line about 5 ram. long in the outer half of the tarsal cartilage. 
173 days after the first infection the tarsal conjunctiva of Monkey 1 was pale, 
and  the  cartilage  normal.  The conjunctiva of the  fornix was still  hyperemic, 
swollen and there were 3 follicles  near the outer canthus.  There was an angular 
blepharitis without discharge.  By this time the upper tarsal cartilage of the left 
eye had become definitely smaller than that of the right one (about 1 ram. in each 
dimension)  and curved inward.  The white line previously noted had vanished. 
The overlying conjunctiva was  thin,  pale  and  transparent.  The upper  fornix 
conjunctiva of both eyes was slightly reddened.  Otherwise there were no changes. 
After 209 days the same characteristics were present. 
Monkey 12.--This  monkey which  was  inoculated  only  once  merely  showed 
moderate swelling and hyperemia of the conjunctiva of the injected lid after 67 
days.  Soon after, the animal died from other causes. 
DISCUSSIO~  (Pillat) 
Although definite pathologic changes have been induced in the eye- 
lids  of Macacus sinensis by the  inoculation  of B. granulosis  Noguchi 
it  is  clear  that  the  lesions  do not  resemble  trachoma  as  it  is  seen  in 692  ETIOLOGY  OF TRACHOMA 
man.  The swelling  and hyperemia of the  conjunctiva seen  in  the 
first few weeks after the inoculation of a heavy suspension of bacteria 
and the mechanical trauma of the needle did not exceed the degree 
of reaction to be expected after such a procedure.  The reaction faded 
in the succeeding weeks but did not vanish entirely.  The few sharply 
defined, oval superficial follicles found in 3 of the monkeys, probably 
have but little significance, since their number did not increase.  Fur- 
thermore, the velvety unevenness, papillary hypertrophy and oblitera- 
tion of the meibomian glands and of blood vessels of the conjunctiva 
commonly observed in human trachoma did not appear. 
Nevertheless there are 3 important points to consider: 
1.  The conjunctival hyperemia in 4 monkeys persisted as long as 
6  months.  Whether this  prolonged reaction was  the  result of the 
trauma of repeated inoculation of bacteria  (foreign body irritation) 
or whether it indicated an unusual reaction of beginning trachoma is at 
present difficult to say. 
2.  The presence of unusual white lines in the inoculated lids of 3 
monkeys: The lines were distinct from the whitish meibomian glands 
found in Macacus sinensis.  They appeared to lie in the inner strata 
of tarsal cartilage or between the conjunctiva and the tarsal cartilage. 
3 months after their appearance the white lines had nearly disappeared. 
Their nature is  at present obscure.  They may have been scars or 
zones of infiltration or demarcation delimiting normal and pathologic 
tissue.  Their  early disappearance  indicates  the  latter  probability. 
3.  The  progressive  shrinkage  of  the  tarsal  cartilage  found  in  2 
monkeys, Nos. 9 and 11.  This was further accentuated by an incurr- 
ing of the otherwise plane cartilage found in M. sinensis.  Here again 
it is difficult to judge whether this scarring was the result of the trau- 
matism of inoculation of bacteria or whether it was actually a tracho- 
matous  lesion.  It  appeared,  however,  to  be  a  progressive  lesion 
caused  by  a  chronic irritation.  We  wish  to  emphasize  the  latter 
probability since traumatic scarring would have appeared earlier than 
5  months  after  first  inoculation  and  would  probably  not  have 
progressed. 
Whether one is justified in correlating these facts with the clinical 
picture of human trachoma only further work can show.  There was, 
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subconjunctival  inoculation  of  B.  granulosis  Noguchi,  which  first 
appeared several months after the first infection, but no trachomatous 
changes of conjuncfival tissue ever appeared.  There are, however, 2 
types of trachoma in  man,  mild, which often heals  without, visible 
scarring, and severe, in which the tarsal cartilage is profoundly affected 
by extensive scar formation. 
Prowazek-Halberst~idter inclusion  bodies  are  commonly found in 
large  numbers  in  early  trachoma  when  the  conjunctiva  is  chiefly 
involved.  The further extension of the infection to  the tarsal  car- 
tilage, the bulbar conjunctiva and the cornea can hardly be attributed 
to inclusion body invasion since these bodies are never found in sub- 
conjunctival tissue or in the tarsal cartilage.  There are other infec- 
tious eye diseases (inclusion blennorrhea and swimmer's conjunctivitis) 
in which similar if not identical epithelial inclusions occur.  During 
the early period of these diseases, inclusions are usually found in great 
numbers.  The diseases, however, are of short duration, follicles are 
formed but the cornea is not involved and no scars form.  The inclu- 
sion bodies disappear with recovery. 
A consideration of these facts together with our experimental results 
in monkeys suggests the possibility that human trachoma may be in 
most  instances  a  double  infection.  In  other  words,  there  may be 
first a superficial conjunctival infection associated with inclusion bodies 
or Lindner's "initial" bodies and second, a deep infection of the sub- 
epithelial  layers  probably  caused  by  B.  granulosis  Noguchi.  The 
question of a symbiosis between B. granulosis and the agent producing 
inclusion bodies must await further study. 
Our inability to isolate B. granulosis  from as great a proportion of 
cases  of  trachoma  as  Noguchi  may be  due  to  variation  from  the 
methods  used  by him,  or  to  differences in  the  composition  of  the 
culture media.  He used hormone broth which had been  neutralized 
and many carbohydrates in his blood agar plates.  Cocaine was used 
for anesthetizing the conjunctiva of monkeys before inoculation and it 
has  since been  shown  that  cocaine has  a  destructive  action  on  B. 
granulosis.  However, the cocaine solution was  only applied  to  the 
surface while the cultures were injected into the conjunctival tissue. 
Of necessity a culture from a single colony was used by us for inocula- 
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thermore, the monkeys we used (M. sinensis) were of a species hitherto 
untested.  It  is  possible that  this  species reacts  to  inoculations of 
B. granulosis less typically than do rhesus monkeys and chimpanzees. 
SUMMARY 
A  bacillus  which corresponds closely with  the  description of  B, 
granulosis Noguchi was isolated from 1 of 5 typical cases of trachoma 
in Chinese.  Inoculation of suspensions of this bacillus into the eyelids 
of M. sinensis monkeys produced scarring and contraction of the tarsal 
cartilages with the development of a few conjunctival follicles in 2 out' 
of  5  animals.  The  possible  relations  of  the  observed lesions with 
human trachoma have been discussed. 